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ABSTRACT

In the presence of N,N,N′,N′-tetramethylethylenediamine (TMEDA) as an additive, easily prepared and handled N-chloroamines react with aryl
Grignard reagents to give a variety of arylamines in good to excellent yields. Functional groups such as ester and nitrile are compatible under
the reaction conditions.

Aromatic carbon-nitrogen bond formation is an important
class of synthetic organic transformation.1 In the past two
decades, the Buchwald-Hartwig coupling2 based on pal-
ladium,3 copper,4 or nickel5 catalysis has been intensively
developed into a wide-spread method for the synthesis of
functional arylamines, which are of particular interest in

organic electronics6 and bioactive compounds; for example,
neuroregulating N-arylpiperidines and piperazines.7 Electro-
philic amination of arylmetal reagents represents an alterna-
tive approach and thus has attracted considerable interest
from synthetic chemists for a long time.8,9 Although N-
chloroamines are among the most desirable amination
reagents in the alternative amination strategy because of
availability and scalability,10 the classical methods with
arylmetal reagents have suffered from severe limitation of
substrate scope caused by undesirable elimination reactions
and chlorination reactions.11 Recently, the scope of electro-
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philic amination has been extended by using transition metal
catalysts: a copper-catalyzed amination of arylboronic acid
with N-aryl-N-chloroamides12 and a nickel-catalyzed ami-
nation of diarylzinc with N,N-dialkyl-N-chloroamines.13

Nonetheless, development of a simple and effective aromatic
amination without hazardous transition metals can contribute
to practical syntheses of the above-mentioned functional
arylamines. Herein, we report a transition-metal-free elec-
trophilic amination14 between aryl Grignard reagents and
N,N-dialkyl-N-chloroamines with the aid of N,N,N′,N′-
tetramethylethylenediamine (TMEDA) as a key additive.

We conducted the reaction of 1-chloropiperidine and
p-methoxyphenylmagnesium bromide at -40 °C for screen-
ing of additives (Table 1). Without any additives, the reaction

proceeded sluggishly to give 1-(4-methoxyphenyl)piperidine
1 in 16% yield via substitution at the nitrogen atom and
1-chloro-4-methoxybenzene 2 in 46% yield via substitution
at the chlorine atom (entry 1). Addition of 1.5 equiv of
TMEDA considerably improved the yield of 1 (50%) and
suppressed the undesirable formation of 2 (24%, entry 2).
Further improvement has been achieved by using 3.0 and
5.0 equiv of TMEDA (65 and 76% yields, respectively,
entries 3 and 4). N,N,N′,N′-Tetramethylpropanediamine
(TMPDA) was not as effective as TMEDA (entry 5). Other
amines, diazabicyclo[2.2.2]octane (DABCO), hexamethyl-
enetetramine (HMTA), N,N,N′,N′′,N′′-pentamethyldiethyl-
enetriamine (PMDTA), and 1,2-dimethoxyethane (DME) did
not improve the product yield (entries 6-9). In the following
studies, we thus chose TMEDA as the additive.

Table 2 illustrates the scope of arylmagnesium reagents
in the reaction with 1-chloropiperidine at -40 °C. The
reaction of p-methoxyphenylmagnesium bromide gave the
desired amination product in 76% yield (entry 1). p-Tolyl-,
3,5-dimethylphenyl-, and 2-naphthylmagnesium bromides
showed higher selectivity even with reduced amounts of
TMEDA to give the corresponding arylpiperidines in 91, 89,
and 93% yields, respectively (entries 2-4). The reaction can
also be conducted at 0 °C, although slightly lower yield and
selectivity were observed (see the Supporting Information).
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Table 1. Effect of Coordinative Additives

entrya additive (X equiv) yield of 1b (%) yield of 2b (%)

1 none (-) 16 46
2 TMEDAc (1.5) 50 24
3 TMEDA (3.0) 65 15
4 TMEDA (5.0) 76 7
5 TMPDAd (5.0) 30 31
6 DABCOe (5.0) 14 15
7 HMTAf (5.0) 1 21
8 PMDTAg (5.0) 4 8
9 DMEh (5.0) 17 31
a Reactions were carried out on a 0.5 mmol scale. b The yield was

determined by GC analysis by using undecane as an internal standard.
c N,N,N′,N′-Tetramethylethylenediamine. d N,N,N′,N′-Tetramethylpropane-
diamine. e Diazabicyclo[2.2.2]octane. f Hexamethylenetetramine. g N,N,N′,N′′,
N′′-Pentamethyldiethylenetriamine. h 1,2-Dimethoxyethane.

Table 2. Scope of Arylmagnesium Reagents

a Reactions were carried out on a 0.5-25 mmol scale. b Isolated yield.
c 1.5 equiv of Grignard reagent was used. Grignard reagent was prepared
from the corresponding aryl bromide and i-PrMgCl·LiCl.
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The dimethylamino group did not interfere with the reaction
(entry 5). Mesitylmagnesium bromide did not give the desired
product under the reaction conditions, suggesting that the
nucleophile substitution reaction is inherently sensitive to
steric demands.

The mild reaction conditions allow the participation of
functionalized Grignard reagents:15 4-cyano- and 3-cyano-
phenylmagnesium chlorides gave the corresponding aniline
derivatives in 80 and 92% yields, respectively (entries 6
and 7). A variety of pyridinylmagnesium chlorides also
took part in the reaction (entries 8-10). It is noteworthy
that a simple acid-base treatment of the reaction mixture
can give analytically pure products (see the Supporting
Information).

The present amination reaction is applicable to a variety
of N-chloroamines (Table 3). 4-Chloromorpholine and
1-Boc-4-chloropiperazine smoothly reacted with p-tolyl-
magnesium bromide at -40 °C to give the corresponding
arylamines in 88 and 84% yields, respectively (entries 1
and 2). Double arylation of 1,4-dichloropiperazine took
place by using 2.5 equiv of phenylmagnesium bromide
to give 1,4-diphenylpiperazine in 78% yield (entry 3). An
ethoxycarbonyl group remained intact under the reaction
conditions (entry 4). The reaction of acyclic dibutylchlo-
roamine and pyridin-4-ylmagnesium chloride gave the
desired product in 78% yield (entry 5). Dibenzylchloro-
amine, a synthetic equivalent of NH2

+, can also participate
in the reaction (entry 6).

Figure 1 shows the postulated role of TMEDA in the
present reaction. In the absence of TMEDA, arylmagnesium
bromide and N-chloroamine can form nitrogen-coordinated
complex A and chloride-coordinated complex B, which
would give rise to both electrophilic chlorination and
amination of Grignard reagent via TSA and TSB, respec-
tively. DFT calculations16 suggest that complex A is 8.5 kcal/
mol more stable than B (∆E), which can account for the
dominant formation of the aryl chloride in entry 1, Table 1.
In the presence of TMEDA, arylmagnesium bromide forms
complex C, which has no vacant coordination site for
N-chloroamine. The amination, thus, can take place
predominantly via TSC, which can be stabilized by
electrostatic interaction between the negatively charged
chloride atom of N-chloroamine and the magnesium atom
(entries 2-4, Table 1).

In summary, we have developed an efficient aromatic
carbon-nitrogen bond-forming reaction between aryl Grig-
nard reagents and N-chloroamines with the aid of TMEDA.
The features of the present method are as follows: high-
yielding, chemoselective, and free from transition metals.
The simple and scalable procedure is suitable for large-scale
production of N-arylpiperidines and piperazines as well as
various aniline derivatives as drug and agrochemical inter-
mediates.
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Table 3. Scope of N-Chloroamines

a Reactions were carried out on a 0.5 or 1.0 mmol scale. b Isolated yield.
c 2.5 equiv of Grignard reagent was used. d 1.5 equiv of Grignard reagent
was used. Grignard reagent was prepared from the corresponding aryl
bromide and i-PrMgCl·LiCl.

Figure 1. Postulated role of TMEDA.
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